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Soybean plant population for maximum economic 
return 
Palle Pedersen, Assistant Professor, Agronomy, Iowa State University 
Conversations about soybean seeding rates have stimulated a great deal of interest among 
producers in recent years. The major reason for this interest, soybean seed costs have increased 
rapidly as new varieties with improved traits , better disease resistance , and higher seed yields 
have come to the market. In addition, a few seed companies have started to sell soybean seed 
by the seed count rather than the traditional "unit" with no price differentiation based on seed 
size. For this reason many growers have started to reduce their seeding rate. Attempting to 
reduce production costs through reduced seeding rates is desirable , however, it is important 
that producers understand how low they can go and the potential risks associated with reduced 
seeding rates. 
Introduction 
Soybean seeding rate and row spacing effects have been studied for over 60 years and it is 
well know that alterations in plant spacing through row spacing and plant populations have a 
significant effect on canopy development, yield components, and yield. Wiggans (1939) was one 
of the first to publish on soybean plant distribution and reported that within plant population 
levels, yields increased as the inter-row and intra-row spacings approached a uniform square 
distribution pattern. Increases in plant population density beyond 6 plants per square foot gave 
little further change in yield. Lehman and Lambert (1960) found that 20-inch rows generally 
outyielded 40-inch rows, while yield differences due to intra-row spacings were inconclusive. 
Donovan et al. (1963) evaluated five row spacings, ranging from 7 to 35-inch and at a plant 
spacing of 1, 2, and 3-inch within the row. Maximum yield was obtained from a combination 
of the narrowest row spacing and widest plant spacing within the row. Cooper and Lambert 
(1971) reported that as plant population increased, plant mortality increased, and the proportion 
of the final plant population compared with the initial seeding rate decreased. Several more 
studies have been conducted since then indicate that soybean yields increase, even though it is 
not a lot, up to a point with increased seeding rate (Ablett et al. , 1984; De Bruin and Pedersen, 
2007; Devlin et al., 1995; Oplinger and Philbrook, 1992). Other studies have shown that 
increased seeding rate may reduce yield (Ablett et al. , 1991) mostly because of plant lodging and 
Sclerotinia stem rot (Grau and Radke, 1984). 
Often, no dramatic yield response to soybean plant population is observed since the soybean 
plant is able to adapt to a wide range of plant densities by increasing the number of branches if 
the population is low and producing fewer branches if the population is high (Board, 2000). As 
plant population increases, the available light per plant and the photosynthetic rate decreases, 
reducing individual plant productivity (Lauer and Shibles, 1987). Since a positive correlation is 
often found between light intercepted and crop growth rate from flowering to the beginning of 
seed fill, a reduction in available light per plant will lead to a reduced yield. Bullock et al. (1998) 
reported that as row spacing decreased at a set plant population, yield, pods per plant, branch 
number, and crop growth rate up to the beginning of seed fill all increased, indicating that at 
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a set plant population the decrease in row spacing resulted in less interplant competition and 
plants responded with increased yield. The potential risks of low seeding rates are that every 
plant needs to running at full capacity. Board (2000) documented the importance of maintaining 
a high growth rate and leaf area since any stresses that reduce these variables would be more 
detrimental at low plant populations. 
Previous seeding rate recommendations were developed when seed prices were not a concern, 
plant population was used as a tool to manage weeds, and soybeans were planted during the last 
10 days of May. Today, planting is done much earlier to increase yield potential. Early planting 
will often cause higher plant mortality from seedling diseases but new technologies and seed 
quality have improved, reducing these concerns, allowing for early planting and improved yield 
potential. Within all seeding rate studies the hypothesis is that with current herbicide programs, 
improved seed quality, and modern, more accurate planters an economic advantage exists for 
growers to justify reducing their seeding rate , even when they are planting in late April or early 
May. The objective was to determine seed yield response to various row spacing, seeding rate , 
and seed treatment combinations across Iowa. 
Materials and Methods 
Since 2003, numerous studies have been conducted on various plant populations across Iowa. 
One of the largest studies will be finalized after the 2007 growing season and the data from the 
first two growing seasons will be presented here. The experiment was set up at five locations 
during 2005 and 2006 (De Witt , Nevada, Pella , Vincent , and Whiting). The experimental design 
was a randomized complete block in a split -split plot arrangement with four replications. Main 
plot was 15 inch vs. 30 inch row spacing, sub-plot was two seed treatments (mefenoxam + 
fludioxonil that is a fungicide seed treatment sold as Apron Maxx (Syngenta Crop Protection, 
Greensboro , NC)) and mefenoxam + fludioxonil + thiamethoxam (that is a fungicide/insecticide 
seed treatment sold as Cruiser Maxx (Syngenta Crop Protection, Greensboro, NC))) and a 
control, and sub-sub-plot was six seeding rates (75 ,000 , 100,000, 125,000, 150,000 , 175,000, 
and 200,000 viable seeds/acre). Plots were generally planted during the last 10 days of April at 
any location and year using an Almaco small-plot planter (Almaco, Nevada, IA). Plots were 10 by 
25 ft and 5 by 20 ft were harvested with an Almaco small-plot combine. Weeds , aphids, and 2nd 
generation bean leaf beetles were managed as necessary following integrated pest management 
strategies. 
Results 
There was an interaction with final plant population and seed treatments (Table 1) . No differences 
were found among the seed treatments and the three lowest seeding rates, however, final stand 
was on average 6% higher at the three highest seeding rates for the mefenoxam + fludioxonil + 
thiamethoxam treated seeds (data not shown). Narrow rows (15 inch) yielded 3.6 bu/acre more 
than wide rows (30 inch) and final stand was 9% greater in narrow rows compared with wide rows. 
No differences were found between row spacing for seed moisture, plant height, or lodging. Seed 
treatments influenced yield and final plant population. On average, mefenoxam + fludioxonil + 
thiamethoxam yielded 3.6 bu/acre more than the control and final stand was improved by 14%. No 
differences were found between treatments for seed moisture , plant height , or yield. 
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Table 1. Effect of row spacing, treatments, and final plant populations on soybean seed yield, final plant population, 
seed moisture, plant height, and plant lodging averaged across 51ocations in Iowa during 2005 and 2006. 
Yield Seed moisture Plant height Plant lodging 
(Bu/acre) (%) (ln.) (1-51) 
Row spacing (R) 
15-inch 67.5 11.1 37.7 1.2 
30-inch 63.9 10.8 37.2 1.3 
LSD (0.05) 2.3 NS2 NS NS 
Seed treatment (T) 
Control 64.1 10.9 37.3 1.2 
mefenoxam + fludioxonil 64.6 11 .0 37.4 1.2 
mefenoxam + fludioxonil 67.7 11 .0 37.5 1.2 
+ thiamethoxam 
LSD (0.05) 2.5 NS NS NS 
Final plant population (S) 
60,600 63.2 10.7 34.9 1.1 
75,800 64.1 10.7 34.8 1.1 
94,000 65.7 10.8 35.1 1.2 
106,500 66.4 10.8 35.3 1.2 
121,200 66.7 10.9 36.0 1.4 
134,200 66.9 11.0 36.5 1.6 
LSD(0.05) 2.1 0.1 0.3 0.2 
AN OVA 
RXT NS NS NS NS 
RXS NS NS NS NS 
TXS * NS NS NS 
RXTXS NS NS NS NS 
1Lodging is based on a 1 (erect) to 5 (flat) scale 
2NS, not significantly different at P:::; 0.05 
*indicates significance at P:::; 0.05 
The effect of plant population on yield was consistent across locations and years. Yield increased 
as plant population increased to a final plant population of 94,000 plants/acre. No yield 
differences were found between the four highest plant populations. In addition, plant mortality 
rate (the difference between the number of dropped seeds and the final stand) also increased 
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from 19 to 33% with increased seeding rates from 75,000 to 200,000 seeds/acre, respectively. 
Regression analysis of yield vs. final plant population was significant and the quadratic model 
gave a better fit than linear and log-linear models (Figure 1). Increased yield, however, did not 
mean an increased grower return indicating that the increased cost of seed out-paced the yield 
response benefit (Table 2). Seed moisture, plant height, and lodging all increased as final plant 
population increased. 
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Figure 1. The relationship between final plant population and seed yield averaged across all row spacing and 
treatment plots at five locations in 2005 and 2006. 
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Table 2. Grower return ($/acre) using various seeding rates, seed size, and price per bushel of soybean. 
Grower Return1 
$7/bu $8/bu 
2600 seeds/ 2800 seeds/ 3000 seeds/ 2600 seeds/ 2800 seeds/ 3000 seeds/ 
Seeding rate lbs lbs lbs lbs lbs lbs 
$/acre $/acre 
75,000 427 428 429 480 491 492 
100,000 428 430 431 492 494 495 
125,000 434 436 438 500 502 503 
150,000 434 436 438 500 503 505 
175,000 431 434 436 498 500 502 
200,000 427 430 433 494 497 500 
1 Yields from Table 1 were used to calculate the grower return. Price per 60 lbs bag of seed was set at $32 per bag. 
Discussion 
This experiment is just one of many experiments that have been conducted in Iowa since 2003 . 
All data , including the 2007 data from this study, will be presented at the conference but for 
simplicity only one dataset will be presented in the proceeding. 
Data collected in Iowa over the last five years have been consistent. Increased seeding rates did 
increase the mortality rate and reduced the plant establishment rate because of plant to plant 
competition. This is not a sound economic decision since we are paying a high price for seeds 
that never establish or for weak plants that end up dying in the field . Higher seeding rates 
were previously justified in fields with high weed pressure. Our weed management programs 
today, however, have improved and are more effective than previous programs. Planters have 
also improved significantly and the soil to seed contact attained with modern planters today, in 
addition to accurate placement, is so good that we can establish the required harvest population 
without over-seeding. As long as plant stands are uniform few plants are required at harvest to 
achieve full yield potential. Caution, poor planter settings, seed bed conditions, and seedling 
diseases will reduce the success of lower seeding rates. Seed has been inexpensive in the past 
and over-seeding has provided good insurance against poor seedbed conditions and low 
establishment rates. However, we can not afford to continue to over-seed anymore. The question 
is "How many soybean plants per acre are enough to produce not just maximum yield but more 
importantly maximum economic return"7 The challenge is determining the number of seeds 
required to achieve the desired target harvest plant population. A population less than the target 
harvest stand can often result in significantly lower yields but populations above the target 
harvest stand do not significantly increase yields or economic return. Planting too many seeds 
per acre will therefore not cost you any yield as long as the plants do not lodge and you are not 
in a Sclerotinia stem rot environment. Do not reduce your seeding rate on all acres at once since 
lower seeding rates requires more timely management , such as weed control, and if you are not 
able to do that then you may be better off using you current seeding rate . 
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A final stand of approximately 100,000 uniformly distributed plants/acre will often maximize 
economic return in Iowa regardless of row spacing. The seeding rate that is required to reach 
100,000 plants/acre at harvest can vary substantially depending on planting equipment, 
operator, planting speed, seed treatment, weed competition, seedling diseases , seeding depth, 
and seed quality, just to name a few. For Iowa, a seeding rate of 125,000 viable seeds/acre was 
often enough to give us a final stand of approximately 100,000 plants per acre at harvest using 
good quality seed and planted into a good seedbed. The only way to determine what seeding 
rate is required to achieve 100,000 plants/acre at harvest on your farm is to take stand counts 
both in the spring (to see if you need to replant) and then in the fall which will help you zero in 
on the optimal spring seeding rate for your specific operation. The fall stand count is important 
since there will be plant to plant competition throughout the growing season and plants will 
be lost during the season. We want to keep the mortality rate as low as possible, similar to corn 
populations. Mortality rates differ significantly and depend on many variables such as soil types, 
weather conditions, pathogens, insects, drainage , and planting date. No planting date data 
was presented here, but will be at the conference, but it is important that you realize that the 
mortality rate decreases as you delay planting. To minimize risk on your farm it is recommended 
to assess your mortality rate in your earlier planted fields. 
No seeding rate by row spacing interaction was found indicating that seeding rates do not need 
to be adjusted for wide or narrow row spacing. The mortality rate, however, is much higher 
in a 30 inch compared to 15 inch row spacing. Previously, seeding rates were increased for 
narrow row spacing. However, our data indicates this is not necessary. Higher seeding rates are 
recommended for use with a drill compared with a traditional row-unit planter since there is not 
the same soil to seed contact with a drill. 
Use of seed treatments to protect plant stands at reduced seeding rates is a topic that many 
have asked over the years, and was the main reason behind the study presented here. Fungicide 
seed treatments to protect seeds from seedling diseases are becoming more and more common 
in Iowa. The value of a fungicide seed treatment depends on the quality of the seed and 
weather conditions. A fungicide seed treatment will protect the seed during the germination 
and emergence phase and minimize the risk of replanting, but rarely increase yield as long as a 
uniform stand of 100,000 plants per acre is established. A seed treatment by plant population 
interaction was observed in the study. at the three highest seeding rates with a significantly 
higher stand using the fungicide/insecticide combination (mefenoxam + fludioxonil + 
thiamethoxam), however, it did not respond to an increase yield. Averaged over all the plots 
we saw approximately 4,000 and 13,000 more plants/acre using a fungicide and a fungicide/ 
insecticide seed treatment, respectively (data not shown). Yield increases were observed from the 
fungicide/insecticide seed treatment combination but it is speculated that this yield increase was 
a result of feeding from the overwintering generation of bean leaf beetles, particular at three of 
the locations, rather than increased plant population. 
Conclusion 
Many factors affect the relationship between seeding rate and the final plant population for 
soybean. Fortunately, the growth characteristics are such that establishing precise populations is 
not critical as long as the population is uniform. Seeding rate selection depends on your planter's 
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accuracy and your ability to predict percent emergence. It is recommended to do adjustments 
year by year as you improve your management skills and weed management programs to see if 
you can manage a lower plant population. Not everybody can deal with low populations so be 
sure that you do not cut your seeding rate too much. Using narrow row spacing and seeding 
rates to achieve a final uniform stand of 100,000 plants/acre could be used to reduce production 
costs and increase profitability. Current research is assessing the impact of various seeding rates 
in no-tillage systems. 
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